WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONA L APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

■ I I « m J f-vn t A A 



(51) Internationa) Patent Classification 6 

C09K 15/08 



Al 



(11) International Publication Number: WO 97/44407 

(43) International Publication Date: 27 November 1997 (27.1 1.97) 



(21) International Application Number: PCT7NZ97/00063 

(22) International Filing Date: 22 May 1997 (22.05.97) 



(30) Priority Data: 

2R6646 



23 May 1996 (23.05.96) 



NZ 



(71)(72) Applicants and Inventors: GILMOUR, lan, Alexander 
|NZ/NZ]; 9 Sunvale Terrace, Christchurch (NZ). DUNCAN, 
Kelvin. Winston INZ/NZJ: 27B Lodge Place, Christchurch 
(NZ). 

(74) Agent: LEWIS, Mardi, Joan; Lewis & Associates, 254 
Montreal Street, P.O. Box 2201. Christchurch (NZ). 



(81) Designated States: AL, AM. AT, AU. AZ, BA, BB, BG, BR, 
BY CA CH, CN, CU, CZ, DE. DK, EE. ES. Fl. GB, GE. 
GH HU IL. IS, JP. KE. KG, KP, KR, KZ. LC. LK, LR. 
LS LT LU, LV, MD, MG.-MK. MN. MW, MX. NO. NZ. 
PL* PT, RO. RU. SD, SE. SG, SI. SK, TJ, TM, TR, TT, 
UA. UG, US, UZ. VN, YU. ARIPO patent (GH. KE, LS. 
MW, SD, SZ. UG), Eurasian patent (AM. AZ, BY, KG. KZ, 
MD RU, TJ, TM). European patent (AT, BE, CH, DE, DK, 
ES Fl FR, GB. GR. IE. IT. LU. MC, NL, PT, SE). OAP1 
patent (BF, BJ, CF. CG, CI. CM. GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 



(54) Title: PROCESS FOR EXTRACTION OF PROANTHOCYAN1D1NS FROM BOTANICAL MATERIAL 
(57) Abstract 

A method for extraction and isolation of proanthocyanidins from botanical material. The method includes the steps ; of "hot water 
extraction of the material after comminution using deoxygenated water, separation of the solids from the 

concentrated solution and waste streams by a method selected from ultra-filtration, reverse osmosis and a combination o* <he two n cr es 
anting ^ concentrated solution to a solid product. The hot water can be recycled. The residue results in a usable by-product^ and the 
Snnin7 can be extracted from the tannin-rich stream. The most preferred botanical material is bark from Pmus radtata trees wh.ch are 15 
years old. the bark most optionally coming from the upper portion of the tree. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


All 


Australia 


CA 


Gabon 


LV 


Latvia 


AZ 


A?xrbatjan 


CB 


United Kingdom 


MC 


Monaco 


BA 


Bosnia and Hcncgovma 


CE 


Georgia 


MD 


Republic of Moldova 


BB 


Barbados 


CH 


Ghana 


MG 


Madagascar 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


BF 


Butkina Faso 


CR 


Greece 




Republic of Macedonia 


BO 


Bulgaria 


HU 


Hungary 


ML 


Mali 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


Cll 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


CI 


C6ie d*l voire 


KP 


Democratic People's 


NZ 


New Zealand 


CM 


Cameroon 




Republic of Korea 


PL 


Poland 


CN 


China 


KR 


Republic of Korea 


FT 


Portugal 


cu 


Cuba 


KZ 


KazaVstan 


RO 


Romania 


cz 


Czech Republic 


LC 


Slim Lucia 


RU 


Russian Federation 


DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 


DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 


EE 


Estonia 


LR 


Liberia 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajik isian 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



WO 97/44407 



PCT/NZ97/00063 



TITLE: PROCESS FOR EXTRACTION OF PROANTHOCYANIDINS FROM BOTANICAL MATERIAL 

FIELD OF THE INVENTION 

The present invention relates to a process for the extraction of proanthocyanidins from 
botanical material, including but not limited to: tree bark, coniferous leaves, grape seeds, grape 
skins, soya beans, and green tea. 

This invention focuses on the extraction of proanthocyanidins from the bark of trees, 
preferably conifers such as Pinus radiata. However, other botanical materials can be 
substituted for the tree bark in the process described below. 

For the purposes of this specification, proanthocyanidins will be referred to as the 
group of water-soluble, ethyl acetate extractable compounds present in the bark of most trees, 
but with trees not being the sole source. They are mainly the low molecular weight phenolic 
monomers, dimers, trimers, oligomers and polymers with reactive hydroxy! groups. 

The term "low molecular weight" as used herein means the substance has a molecular 
weight of 5000 Daltons or less. Conversely, the term "higher molecular weight" as used herein 
means the substance has a molecular weight of greater than 5000 Daltons. 

BACKGROUND OF THE INVENTION 
Hot Water Extraction Processes. 

The use of hot water extraction of proanthocyanidins from biological material is covered 
extensively in the prior art. Examples of discussions of such techniques are in the examples 
below, along with the attendant problems, even if the method claimed in the patent is not solely 
a hot water extraction technique. 

Non-bark materials: Japanese Patent Application No. 62101976 (Publication Number 
63267774A) reveals that it is possible to obtain a solution of proanthocyanidins derived from 
the juice of apples, grapes and other fruit, soy beans (etc). US Patent no 4981688 (Ayroles) 
discloses extraction of proanthocyanidins from Ginko biloba leaves using aqueous ketone 
solvents. US Patent 5607965 (Kando) discloses extraction from a grape extract. US Patent no 
5532012 (Balentine) discloses an extractive from tea. 

Tree bark materials: The most common bark discussed is that of Pinus radiata bark. However 
other species of bark or tree have been used for extraction of proanthocyanidins. For example: 
Australian AU B 58998/80 uses Croton or a Calophyllum species as the starting material and 
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degraded or less pure product. 

An object of the present invention is the provision of a method of extraction for 
proanthocyanidins which overcomes the disadvantages of the known processes of purely hot 
water extraction and still produces a commercially acceptable yield of high purity of the 
5 proanthocyanidins. This object includes the avoidance of solvents other than water, and avoids 
the use of other chemical additives such as sodium hydroxide and sodium chloride for pH 
adjustment and salting down. 

SUMMARY OF THE INVENTION 
10 The present invention provides a method for extraction and isolation of 

proanthocyanidins from botanical material, said method including the steps of: 

reducing the material product to particles of a size less than 15 mm; 

extraction of the material in hot water in a reaction vessel wherein said hot water is 
deoxygenated hot water, said extraction continuing for between 1 minute and 20 hours; 

1 5 separation to leave a residue and a liquor; 

partitioning the liquor by a method selected from: ultra-filtration; reverse osmosis; and 
a combination of the two in series; which partitioning results in concentrated solutions; and 
waste streams; 

drying the concentrated solutions to yield a solid product of proanthocyanidins; and 

2 0 separating the waste streams into water and a tannin rich fraction from which the 

tannins are recovered by ultra-filtration. 

Preferably said botanical material is tree bark; more preferably Pinus radiata bark. 

More preferably, the bark is selected from the upper portion (top or middle part) of 
trees which are between 8 and 20 years old, most preferably 15 years old. The material is 
25 preferably a mixture of inner and outer bark. Such material is readily available in some forests 
where slightly immature trees are felled for the use of the lower half of the tree for poles, posts 
(etc). In such use the top half of the tree is not otherwise commercially usable, yet the bark is 
easily removed in known commercial, debarking operations. The bark can be green or 
seasoned. 

3 0 Preferably, the drying method used is vacuum, spray or freeze drying. 

Preferably the (spent bark) residue, being free from volatiles and tannins, is a usable 
by-product of the process. 

Preferably the hot water is deoxygenated by boiling. Preferably the water used in the 
above extraction step is recycled. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

By way of example only, a preferred embodiment of the present invention is described 
in detail with reference to the accompanying drawings and with reference to Pinus radiata tree 
bark. 

Fig. 1 is a diagrammatic representation of a batch process of the present invention; 

and 

Fig. 2 is a graph of the anti-oxidant activity of the resultant product for bark from 
different parts of a tree. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig.1, screened bark is processed by known means (for example: a 
hammer mill, a knife mill or a mulcher) to increase the surface area of bark 1 . The screening 
is to remove stones, rocks and other extraneous matter. The bark may be fresh, wet or dry, 
and may be inner bark (cork with phellogen and some phelloderm) or outer bark (crushed 
epidermal ceils) or a combination thereof. The bark 1 is preferably produced from screened 
bark. However, the si2e of wet bark is preferably uniform si2e initially. The particles of bark 1 
produced are preferably 15 mm and more preferably smaller than this. 

The resultant stream of bark 1 is added to previously boiled water 2 in a reaction 
vessel 3. The preferred extraction process is a batch operation, either with or without agitation. 
Alternatively a series of continuous stirred reactors or a plug flow continuous reactor may be 
used to accomplish the hot water extraction. The advantage of the batch process is that there 
may be any time interval desired between stages once the solids are removed from the hot 
water 2. 

In the case where continuous extraction in a series of one or more continuous stirred 
reactors or plug flow continuous reactors occurs, in practice it has been found that the 
extraction time can be reduced to between one to 10 minutes. 

Referring back to Fig. 1, any ratio of water 2 to bark 1 can be used. Preferably, the 
ratio is seven litres of water to a kilogram of bark 1 . The mixture is heated, in a batch 
operation, in the vessel 3 for a period of between 20 minutes to 20 hours, more preferably 30 
minutes. The temperature in the reaction vessel 3 is between 60 and 100°C at atmospheric 
pressure. Alternatively, if the reaction is conducted at an elevated pressure, the temperature 
in the reaction vessel 3 is between 100 and 125°C . 

The extraction time may vary. However in practice it has been found that 30 minutes 
of reaction produces an optimum yield. 
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The vessel 3 can be heated indirectly with steam by means of an internal coil or 
external jacket. Direct heating of the contents may also be used by injecting live steam into the 
vessel. The hot water extraction step may also be carried out under pressure up to a 
temperature of 125°C. 

5 A resultant liquor stream 4 is separated by a physical separation process in a chamber 

5 to produce a bark, residue 6 and filtrate 9. This process may be any one of the following: 
centrifuging; decanting; filtering; or a combination thereof. 

The bark residue 6 is further pressed (stage 7) to remove excess liquor and is returned 
to the filtrate 9 from the chamber 5. The pressed residue 8 is then further processed by known 
10 method (not shown; for example - dried in an oven and/or compressed into bales or pellets) for 
use as a by-product (for example as a plant growth medium or fuel). 

The filtrate 9 is cooled to a temperature between 25° to 30° C in a heat exchanger 10. 
The water used in this step may be the water 2 passed to the reaction vessel 3. The filtrate 
9 is further filtered by passage through a microporous filter 11 which removes substantially all 
15 suspended solids above 1 |im in size. The separated solids may be combined with the pressed 
residue 8 for processing as hereinbefore described. 

The filtrate 9 then passes through one of the following three options: an ultra-filtration 
step 12; a reverse osmosis step 13; or a combination of each of these steps. Fig. 1 shows the 
last of these options (13,12). The result of this stage of the process is to fractionate the 
2 0 dissolved components in the filtrate 9 by molecular size and shape, into separate streams (14, 
15, 17). 

Both the reverse osmosis unit and the ultra-filtration unit (13, 12) are fitted with 
membranes with micropores sized according to a pre-determined cut-off in molecular size in the 
streams 15, 17. The pre-determined molecular size is in the range 1000 to 5000 Daltons, but 

2 5 may vary further, if so desired. 

The membranes of the reverse osmosis unit and the ultra-filtration unit (13, 12) may 
be operated under different modes such as steady flow, or pulsating flow in order to increase 
the flux rates. The temperature of the filtrate 9 through the separation stages may range from 
ambient to 100°C, depending on membrane operating conditions. Operation pressures can be 

3 0 altered to adjust flux rates as required within membrane specifications. 

The desired proanthocyanidins, along with similar sized dissolved compounds, pass 
through to a concentrated solution 14. The proanthocyanidins are recovered from the 
concentrated solution 14 by removing the water by one of a range of methods in a vessel 16. 
Said method is selected from the group: evaporation; crystallisation; freeze drying; vacuum 
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drying; and a combination thereof. In a small scale process it has been found that freeze-drying 
is the optimal method. However on a large scale process the recovery method is preferably 
reverse osmosis followed by drying. A membrane with a concentration factor of between 2-5 
(as a minimum) is most preferable. The resultant product is brown coloured crystalline flakes 

5 which contain all the desired proanthocyanidins. 

The following compounds have been found to collect in the concentrated solution 14 
and include a range of flavonoids and other low molecular weight phenolic compounds: (+)- 
Catechin. (+)-Gallocatechin, ( + )-Dihydroquercetin (Taxifolin), Quercetin. Myricetin, 3,5- 
Dihydroxystilbene (Pinosylvin), 3,5.3\4'-T etrahydroxystilbene (Astringenin), 3,5,3\4'- 

1 o Tetrahydroxystilbene-4' -B-glucoside (Astringenin-4'-B-glucoside) and Procyanidins B1 , B3, B6 
and C2. 

The resultant product has been established as having the same anti-oxidant activity 
(free radical scavenging) as commercially available pure pine bark extract samples. The assay 
used to establish anti-oxidant activity was as described in Test 1 below. 
! 5 It has been found that some non-phenolic compounds remain in the resultant product. 

These can be removed by further physical purification of the product, if so desired. 

The stream 15 includes the higher molecular weight compounds which include natural 
tannins. If so desired, the stream 15 can be subjected to further processing and cleaning to 
remove the water and recover the tannin in solid form (not shown). The resultant water (along 
2 0 with the stream 17) can also be further purified (if so desired) for safe discharge or for reuse 
in the reaction vessel 3. 

In practice, yields between 0.5 to 10.0% by weight of proanthocyanidins have been 
obtained based on oven dried bark weight, (depending on the quality and age of the bark). 
The most common yield has been found to be between 6.5% and 9.6% by weight when using 

2 5 bark from Pinus radiata trees from the top and middle portion of trees of approximately 15 

years of age. 

Referring to Fig. 2 this graph shows the results of the anti-oxidant activity of the 
resultant product as a percentage of the anti-oxidant inhibition, when bark is selected from 
different parts of Pinus radiata trees. The figures produced are from a samples resulting from 

3 0 a 9 hour extraction time. The trees were approximately 15 years old and from a commercial 

forestry operation in the North Island of New Zealand. 

The assays were conducted in accordance with the testing procedure outlined below. 
In each assay 1 mg/L of each bark sample was added to the reaction mixture. The decrease 
in the rate of lipid oxidation that the test samples caused is shown as a percentage of the 
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contro, mixture where no inhibitor anti-oxidants were added . One hundred percent inhibUion 
indicates that the an.i-oxidan, a. the stated concentration was abie to completely stop the cha.n 

reaction. . . 

The inhibitors were made up by dissolving the resultant product to a concentrate of 

5 -img/mL with 50% methanol and then further diluting to 50 -rfmL and 20 „L of this was added 
to imL of the peroxidation mixture to give a final concentration of 1 ^g/mL. 

Thus for this process the bark from any part of the tree produces an anti-oxidant of an 
acceptable standard, and indicates that the bark from the top and upper part of the tree can be 
equally advantageous. As such bark is more readily available commercially, the process does 
10 not suffer from using such bark alone. 

TESTING 

1. Peroxide Radical Scavenging Antioxidant Assay. 
15 This assay measured the ability of the product to inhibit oxidation of a linoleic acid 

suspension by the free radical generated compound AAPH (Journal of Organic Chemistry 

(1993), Vol 58, 3521-32). 

One mg/l of the resultant product was added to the reaction mixture. A comparative 
test was also done using commercially available pure pine bark extract samples. The decrease 
2 0 in the rate of lipid oxidation is shown below as a percentage of the control mixture where no 
inhibitor antioxidants were added. One hundred percent inhibition indicates that the antioxidant 
at the stated concentration was able to completely stop the chain reaction. 

Resultant product: 70-79% inhibition depending on sample tested 

2 5 Sample(1) 70% inhibition 

(1) Source: commercially available pure pine bark extract, purchased as pure proanthocyanidin 
from M.W. International Ltd in the USA. The source of the tested resultant product samples was 
Pinus radiata trees between the age of 8 to 20 years, from the North Island of New Zealand. 

3 0 2. Toxicity Tests. 

Toxicity tests (acute and chronic) of the resultant product have been conducted on 

mice. 

Acute: Fifteen animals from a standard commercial strain were divided into 3 groups, one of 
which was used as the control group. A second group was administered dosages for 24 hours 
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of the product adjusted from human dosage on a weight basis. The third group was dosed with 
100 times the level of dose administered to the second group, for 24 hours. 
Results: No adverse reactions or effects were observed in either group 2 or group 3. 
Chronic: The above acute dosage levels were continued in the same groups of mice for five 
months.. 

Results: A noticeable change in the social habits of the third group was observed. The group 
was less active, but more social and more curious than the control group. Increases in weight 
were observed, leading to a tentative conclusion of the positive effect on metabolic 
performance. No adverse reactions or effects were observed in either group 2 or group 3. On 
stopping the chronic dosage in group 3, there was a decrease in the average level of activity, 
and body mass; but food consumption remained substantially unchanged. 

The tests show no toxicity (acute or chronic) of the resultant product for mice. 
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CLAIMS 

1 A method for extraction and isolation of proanthocyanidins from botanical material said 

method including the steps of: 

reducing the material product to particles of a size less than 15 mm; 
extraction of the material in hot water in a reaction vessel wherein said hot water is 
deoxygenated hot water, said extraction continuing for between one minute and 20 hours; 
separation to leave a residue and a liquor; 

partitioning the liquor by a method selected from: ultra-filtration; reverse osmosis; and 
a combination of the two in series; which partitioning results in concentrated solutions and 
waste streams; 

drying the concentrated solutions to yield a solid product of proanthocyanidins; and 
separating the waste streams into water and a tannin rich fraction from which the 
tannins are recovered by ultra-filtration. 

2. A method for extraction and isolation of proanthocyanidins as claimed in claim 1 
wherein said hot water is deoxygenated by boiling. 

20 

3. A method for extraction and isolation of proanthocyanidins as claimed in claim 1 
wherein the temperature of the hot water is in the range 60° to 100 °C at atmospheric pressure. 

2 5 4. A method for extraction and isolation of proanthocyanidins as claimed in any one of 

the preceding claims wherein the temperature of the hot water is between 100° and 125°C at 
pressures above atmospheric pressure. 

3 0 5. A method for extraction and isolation of proanthocyanidins as claimed in any one of 

the preceding claims wherein the reaction vessel is heated by a method selected from: direct 
heating from an internal heat coil; indirect heating from an external jacket; live steam injection 
in the vessel; and a combination of any of these. 



9 



WO 97/44407 



PCT/NZ97/00063 



6. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
the preceding claims wherein the method of extraction is a batch process. 

7. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
claims 1 to 4 wherein the extraction is conducted in a series of one or more continuous stirred 
reaction vessels for a time between one and 10 minutes, 

8. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
claims 1 to 4 wherein the extraction is conducted in a series of one or more plug flow 
continuous reaction vessels for a time between one and 10 minutes. 

9. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
the preceding claims wherein the drying of the concentrated solutions is selected from the 
group: evaporation; crystallisation; freeze drying; vacuum drying; and a combination thereof. 

10. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
the preceding claims wherein the biological material is Pinus radiata bark [inner bark (cork with 
phellogen and some phelloderm) or outer bark (crushed epidermal cells)]. 

H A method for extraction and isolation of proanthocyanidins as claimed in claim 10 
wherein said bark is selected from trees the age of which is in the range 8 to 20 years. 

12. A method for extraction and isolation of proanthocyanidins as claimed in claim 11 
wherein the age of the tree is 15 years. 

13. A method for extraction and isolation of proanthocyanidins as claimed in any one of 
claims 10 to 12 wherein the bark is selected from the middle and upper part of the tree. 

14. A solid product containing proanthocyanidins produced by the method for extraction 
and isolation of proanthocyanidins from botanical material as claimed in any one of claims 1 to 
13. 
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15. A tannin-rich solution produced by the method for extraction and isolation of 
proanthocyanidins from botanical material as claimed in any one of claims 1 to 13. 

16. A solid by-product resulting from the combination of and drying of the liquor and waste 
streams from the method for extraction and isolation of proanthocyanidins from botanical 
material as claimed in any one of claims 1 to 13. 
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